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Monitoring 
Each camera is controlled such that entropy [1] is maximum

We can know the size and shape of cloud 

Pan

Tilt

Choose action (Pan, Tilt) such that the entropy is maximized using
potential game [2]
Use PIPIP [2] as a learning algorithm

PTZ camera

Approach

Entropy 7.51 7.21 4.73 3.12
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Approach

1.  Suppose that sky is a curved surface
Sky (cloud)

2.  Arrange resources at an equal interval

resource

3.  Compute the entropy around resource

4.  Move camera such that the entropy 
is maximized

Scenario 

resource
Field of view 32

16

Calculation of Entropy

32

16

：OverlapCurved surface

Field of view
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Application of Potential Game

A set of cameras

Potential Function

Utility Function

Entropy around resource

A set of resources that cameras 
(except for camera ) use 

A set of resources that 
camera uses

The sum of 
entropy around 
resources camera
is using

The sum of entropy around
overlapping resources
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Experimental System

PC
PTZ camera

Action

Image Image

Action

PC
OpenCV Learning Algorithm

ActionImage Entropy

Calculating entropy
Image processing

Choose action using Potential Game
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Indoor

Outdoor

Wall

Projector

Camera

Image

Projecting image of the sky
on the wall

Experiment in the roof

Experiment
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Entropy

Only cloud or blue sky Existing cloud and blue sky
〜 About 20 About 23 〜 About 39

Experiment (Indoor)

Field of view

Field of views are overlapping

Cameras are monitoring the place 
that exists cloud and blue sky

Cameras are monitoring the place 
that exists only blue sky

Beginning

Later
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Settings (Indoor)
Action

0 500 1000 1500 2000
0

0.05

0.1

0.15

0.2

Step

ε

exploration rate

Learning Algorithm

PIPIP

Exploration Rate

Agent
(PTZ camera) 

Restricted Action Set
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Settings (Indoor)

Arrangement of cameras
resource

Wall

Initial angle
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Results (Indoor)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

Step

The Value of Potential Function

Camera 1 (left) Entropy  17.89 Camera 2 (right) Entropy  12.56

Camera 1

Camera 2

Overlap

Field of view
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Results (Indoor)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

Step

The Value of Potential Function

Camera 1 (left) Entropy  6.36 Camera 2 (right) Entropy  8.08

Camera 1

Camera 2

Overlap

Field of view
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Results (Indoor)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

Step

The Value of Potential Function

Camera 1 (left) Entropy  37.10 Camera 2 (right) Entropy  35.47

Camera 1

Camera 2

Field of view
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Results (Indoor)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

Step

The Value of Potential Function

Camera 1 (left) Entropy  
33.75

Camera 2 (right)Entropy  31.41

Camera 1

Camera 2

Field of view
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Results (Indoor)
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About 18 〜 About 30 About 33 〜 About 46

Only cloud or blue sky Existing cloud and blue sky
Entropy

Experiment (Outdoor)

Field of views are overlapping Cameras are monitoring the place 
that exists cloud and blue skyCameras are monitoring the place 

that exists only blue sky or cloud

Field of view

Beginning Later
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Settings (Outdoor)
Action

0 500 1000 1500 2000
0

0.05

0.1

0.15
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Step

ε

exploration rate

Learning Algorithm

PIPIP

Exploration Rate

Agent
(PTZ camera) 

Restricted Action Set
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Settings (Outdoor)

Arrangement of cameras resource

Initial angle
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0 1000 2000 3000
0

0.5

1

1.5

2

Step

The Value of Potential Function

Results (Outdoor)

Camera 1 (upper left) Entropy  0.00
Camera 2 (upper right) Entropy  0.00
Camera 3 (lower left) Entropy  0.00
Camera 4 (lower right) Entropy  0.00

Overlap
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0 1000 2000 3000
0

0.5

1

1.5

2

Step

The Value of Potential Function

Results (Outdoor)

Camera 1 (upper left) Entropy  40.46
Camera 2 (upper right) Entropy  

20.18Camera 3 (lower left) Entropy  37.28
Camera 4 (lower right) Entropy  19.57

Overlap

Fujita LaboratoryTokyo Institute of Technology

Tokyo Institute of Technology

21

0 1000 2000 3000
0

0.5

1

1.5

2

Step

The Value of Potential Function

Results (Outdoor)

Camera 1 (upper left) Entropy  36.93
Camera 2 (upper right) Entropy  45.67
Camera 3 (lower left) Entropy  36.50
Camera 4 (lower right) Entropy  32.59
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0 1000 2000 3000
0

0.5

1

1.5

2

Step

The Value of Potential Function

Results (Outdoor)

Camera 1 (upper left) Entropy  26.61
Camera 2 (upper right) Entropy  33.62
Camera 3 (lower left) Entropy  33.58
Camera 4 (lower right) Entropy  39.02

Overlap
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Results (Outdoor)
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Future Works

・Cloud Detection [3]

・Cloud Motion [4, 5]

The pixel Red-Blue Ratio (RBR)

The RBR of a Clear Sky Library (CSL)

Cloud Motion Vectors

Numerical Weather Prediction (NWP) Model

Analysis of satellite imagery

・Utility Design
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Entropy
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pixel value
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Entropy
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Ex) Pixel value of red

・ Calculate entropy of red , green and 
blue・ Take an average
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Entropy

Entropylow high

0

1

0 1 255…... 0

0.01

0 1 255…...
…...

Probability distribution

The more kind of color is , the larger entropy is

The entropy is large 

Entropy
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Arrangement of resources

Arrange resources at an equal interval

Angle of pan rotation
Angle of tilt rotation

Tilt

Pan
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40 dots

8 dots12 dots

1 dot
…

…
… …

resource

View from the top

Second row
Third row

Fourth row

Ninth row

Arrangement of resources


